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(54) Plasma display apparatus 

(57) A PDP apparatus is disclosed in which degra- 
dation in image quality such as display missing points 
does not occur, even if the peak luminance is increased. 
In the PDP apparatus, the display load ratio of each sub- 
field is detected and a sustain pulse cycle is changed 
according to the display load ratio of each subfield. 
Moreover, an adaptive sustain pulse number change 
means (29) is provided, which calculates the total 



amount of variations in time by summing the variations 
in time in a display field caused by the changes in the 
duration of a sustain pulse cycle within respective sub- 
fields and increases/decreases the number of sustain 
pulses of each subfield according to the total amount of 
variations in time. The ratio between the different sub- 
fields in respect of the number of sustain pulses is the 
same after said changes in the sustain pulse cycles as 
before said changes having taken place. 
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Description 

[0001] The present invention relates to a plasma dis- 
play apparatus that provides a gradated display using a 
subfield method. 

[0002] The plasma display apparatus (PDP appara- 
tus) has been put into practical use as a flat display and 
is a thin display of high-luminance. In the PDP appara- 
tus, since it is only possible to control each display cell 
to be lit or not, a display field is made to consist of plural 
subf ields and the subf ields to be lit are combined in each 
cell to provide a gradated display. Each subfield com- 
prises at least an address period during which a display 
cell is selected and a sustain period during which the 
selected cell is lit. In the sustain period, a sustain pulse 
is applied to cause a sustain discharge to occur, and the 
luminance is determined by the number of sustain puls- 
es. As a result, if the cycle of the sustain pulse is the 
same, the luminance is determined by the length of the 
sustain period. Although the most general and efficient 
structure of the subfield is that in which the lengths of 
the sustain periods in the subfields, serially increase and 
the ratio of the length of the sustain period in a subfield 
to that of the previous one is 2, various subfield struc- 
tures have been proposed recently in order to suppress 
false contours. The present invention can be applied to 
any PDP apparatus that performs display using any sub- 
field structure. 

[0003] Moreover, various methods have been pro- 
posed for the PDP apparatus, and the present invention 
can be applied to a PDP apparatus that employs any 
method. As the structures and the driving methods of 
the PDP apparatus are widely known, a detailed de- 
scription is omitted here. 

[0004] In the PDP apparatus, when the ratio of the 
cells to be lit to all the cells in the whole screen (display 
load ratio) is large, a large sustain current flows as a 
result, and the luminance is degraded because the ef- 
fective voltage of the sustain pulse is lowered. When the 
gradated display is performed by the subfield method, 
a problem is caused that a normal gradated display can- 
not be performed because the display load ratio differs 
from subfield to subfield and the luminance ratio of each 
subfield deviates from a specified relationship. In order 
to solve the problem, Japanese Unexamined Patent 
Publication (Kokai) No. 9-185343 has disclosed the 
structure in which the number of sustain pulses in each 
subfield is corrected to maintain the luminance ratio by 
detecting the display load ratio in each subfield. 
[0005] It is one of the problems relating to the PDP 
apparatus that the peak luminance is inferior to that of 
a CRT and the power consumption is large. The power 
control, therefore, is carried in such a way as to display 
an image of a lower luminance in total by decreasing the 
number of sustain pulses in each subfield when the lu- 
minance of the entire image is high, and to display an 
image of a higher luminance in total by increasing the 
number of sustain pulses in each subfield when the lu- 



minance of the entire image is low. As a method of con- 
trolling power, Japanese Unexamined Patent Publica- 
tion (Kokai) No. 2000-322025 has disclosed the method 
in which the cycle of the sustain pulse is shortened when 
5 the luminance level is below a specified value by detect- 
ing the average luminance level of the entire screen. By 
using this method, the peak luminance when an image 
is dark in total can be improved. 
[0006] When the cycle of the sustain pulse is short- 
10 ened, the influence of the distortion of the sustain pulse 
waveform becomes comparably large and it may hap- 
pen that the specified sustain voltage is not applied. Par- 
ticularly, when the display load ratio becomes large, the 
sustain current increases, and the effective voltage to 
15 be actually applied is lowered in accordance with the 
drop in voltage. FIG.1 is a diagram that shows the rela- 
tionship between the display load ratio and the effective 
sustain voltage when a pulse of a specified voltage is 
applied in accordance with the display load ratio for the 
20 sustain pulse cycles 6p.S, 8u.S, and 1 0u.S. If the effective 
voltage drops, a problem occurs in that the sustain dis- 
charge is not caused to occur or the discharge is termi- 
nated on the way, resulting in the generation of missing 
points, or light emission to achieve a normal luminance 
25 is not carried out. In the structure disclosed in Japanese 
Unexamined Patent Publication (Kokai) No. 
2000-322025, the sustain pulse cycle is shortened when 
the luminance level is low, that is, the display load ratio 
is small, and the control shown by a short dashed line 
30 a in FIG.1 is carried out as a result. 

[0007] The actual problem, however, is the display 
load ratio in each subfield when the gradated expression 
is performed by the subfield method. For example, when 
the display load ratio in a subfield with a large luminance 
35 ratio is very small but that in a subfield with a small lu- 
minance ratio is large, the average luminance level (dis- 
play load ratio) of the entire screen becomes small, and 
the sustain pulse cycle needs to be shortened according 
to Japanese Unexamined Patent Publication (Kokai) 
40 No. 2000-322025. As a result, the sustain pulse cycle is 
shortened even in the subfield that has a large display 
load ratio but a small luminance ratio, and a problem 
occurs in that such as missing points are generated. 
[0008] It would be desirable to realize a PDP appara- 
45 tus in which degraded image such as the generation of 
missing display points is not caused even though the 
peak luminance is increased. 

[0009] In embodiments of the present invention, the 
display load ratio of each subfield is detected and the 

so sustain pulse cycle is changed according to the display 
load ratio of each subfield in a PDP apparatus. If, how- 
ever, the sustain period of each subfield is fixed, the lu- 
minance ratro is changed as a result when the sustain 
pulse cycle of partial subfields is changed. In embodi- 

55 ments of the present invention, therefore, an adaptive 
sustain pulse number changing means is provided to in- 
crease/decrease the number of sustain pulses in each 
subfield according to the total amount of variations in 
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time, which is obtained by summing each variation in 
time caused by the change in the sustain pulse cycle in 
a display field. 

[001 0] FIG. 2 is a diagram that illustrates the principles 
of embodiments of the present invention. As shown 
schematically, a display field is composed of four sub- 
fields SF1 to SF4. Before the sustain pulse cycle is 
changed, the sustain pulse cycle of every subfield is 
8nS, the sustain periods of SF1 to SF4 are, 80uS, 
160u.S, 320nS, and 640u,S, and the numbers of sustain 
pulses of SF1 to SF4 are 10, 20, 40, and 80. 
[0011] When the display load ratios of SF3 and SF4 
are below a specified value, the sustain pulse cycles are 
changed to 6|iS. In this case, if the duty ratio is fixed, 
the pulse width will change with the same ratio. If the 
numbers of sustain pulses of SF3 and SF4 are main- 
tained to 40 and 80, vacant periods of 80u.S and 1 60u.S 
are generated in SF3 and SF4, respectively, as a result. 
Then, with the sustain pulse cycles of SF1 and SF2 be- 
ing maintained at 8|iS and those of SF3 and SF4 being 
maintained at 6u.S, the numbers of sustain pulses in SF1 
to SF4 are adjusted to 12, 24, 48, and 96, respectively. 
In this way, the total number of sustain pulses increases 
from 150 to 180, resulting in the improvement of the 
peak luminance, while the luminance ratio of each sub- 
field is maintained in the specified relationship. In order 
to increase the number of sustain pulses in each sub- 
field while maintaining the luminance ratio of each sub- 
field, a vacant time of 96u.S or longer is required, but the 
vacant time of 48u.S shown schematically is less than 
the required time and it remains a vacant period. The 
sustain pulse cycles of SF1 and SF2, the display load 
ratio of which is large, remain 8u.S, resulting in the gen- 
eration of no missing points, and although the sustain 
cycles of SF3 and SF4 become 6u.S, no missing point 
is generated similarly because of a low display load ra- 
tio. 

[0012] It is also possible to make the sustain dis- 
charge stable by, on the contrary, expanding the sustain 
pulse cycle of a subfield when the display load ratio is 
larger than the specified value. Particularly in the PDP 
apparatus, the control of power consumption is gener- 
ally carried out and the total number of sustain pulses 
is reduced because the power consumption becomes 
too much when the total number of light emission pulses 
increases. In this case, a vacant time is generated in a 
frame, as a result. In this case, therefore, it is preferable 
to make the sustain discharge stable by expanding the 
sustain pulse cycle. The sustain pulse cycle changing 
means, therefore, shortens the sustain pulse cycle of 
each subfield if the display load ratio is lower than the 
specified value and expands it when higher than the 
specified value. Although it is possible to treat all the 
subfields as an object of the frequency modification, it 
is also possible to treat only partial subfields, that in- 
clude the one with the maximum luminance, as an ob- 
ject. 

[0013] The adaptive sustain pulse number changing 



means increases/decreases the number of sustain puls- 
es so as to maintain the luminance ratio of each subfield. 
[0014] In addition, as the effective sustain voltage 
changes and the luminance changes if the sustain pulse 

5 cycle is changed, as shown in FIG.1 , it is preferable that 
an additional adaptive luminance correcting means is 
provided to correct the change in the luminance due to 
the change of the sustain pulse cycle, and that the adap- 
tive sustain pulse number changing means increases/ 

10 decreases the number of sustain pulses of each subfield 
according to the corrected result. 
[001 5] Moreover, the effective sustain voltage chang- 
es depending on the display load ratio of each subfield, 
therefore, it is preferable to correct the change accord - 

15 ingly and the adaptive sustain pulse number changing 
means increases/decreases the number of sustain puls- 
es of each subfield. 

[0016] When the sustain pulse cycle is changed, a 
large change in display is caused if the cycle is changed 

20 considerably, therefore, it is preferable that a change is 
carried out step by step over plural display subfields so 
that such a change is not noticed. Moreover, it is pref- 
erable that a change is carried out step by step over plu- 
ral display subfields when the sustain pulse is changed 

25 according to the change of the sustain pulse cycle. 
[0017] When the display load ratio of all the subfields 
orthose that have a specified or higher luminance is low- 
er than a specified value, the control will be easier if the 
sustain pulse cycle of all the subfields or part of subfields 

30 that include the one with the maximum luminance is 
made identical to each another. 
[001 8] Preferred features of the present invention will 
now be described, purely by way of example, with ref- 
erence to the accompanying drawings, in which; 

35 

FIG.1 is a diagram that illustrates the relationship 
between the display load ratio and the effective sus- 
tain voltage according to the sustain pulse cycle. 
FIG.2 is a diagram that illustrates the principles of 
40 embodiments of the present invention. 

FIG .3 is a block diagram that shows the rough struc- 
ture of the PDP apparatus in the first embodiment 
of the present invention. 

FIG.4 is a diagram that illustrates the process in the 
45 first embodiment. 

FIG.5 is a flow chart that shows the process in the 
first embodiment. 

FIG.6 is a flow chart that shows the process in the 
first embodiment. 
so FIG.7 is a flow chart that shows the process in the 
first embodiment. 

FIG.8 is a block diagram that shows the rough struc- 
ture of the PDP apparatus in the second embodi- 
ment of the present invention. 
55 FIG .9 is a block diagram that shows the rough struc- 
ture of the PDP apparatus in the third embodiment 
of the present invention. 

FIG.1 0 is a flow chart that shows the process in the 
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fourth embodiment. 

FIG. 1 1 is a flow chart that shows the process in the 
fourth embodiment. 

FIG. 12 is a flow chart that shows the process in the 
fourth embodiment. 

FIG. 13 is a flow chart that shows the process in the 
fourth embodiment. 

FIG. 14 is a flow chart that shows the process in the 
fourth embodiment. 

FIG. 15 is a diagram that shows an example of the 
results when the process in the fourth embodiment 
is applied. 

[0019] FIG. 3 is a block diagram that shows the rough 
structure of the PDP apparatus in the first embodiment 
of the present invention. As shown schematically, the 
PDP apparatus comprises a plasma display panel 11, 
an address electrode drive circuit 1 2 that puts out a sig- 
nal to drive the address electrode of the panel 11 , a scan 
electrode drive circuit 13 that puts out a scan pulse to 
be applied sequentially to a scan electrode (Y electrode) 
and a reset pulse and a sustain pulse, a sustain elec- 
trode drive circuit 14 that puts out a reset pulse and a 
sustain pulse to be applied to a sustain electrode (X 
electrode), an A/D conversion circuit 21 that generates 
a timing signal as well as converting a video input signal 
into a digital signal, a display gradation adjusting circuit 
22 that adjusts the number of gradations of a video sig- 
nal by processes such as dithering and error diffusion, 
a video signal-SF matching circuit 23 that determines 
the combination of the lit subfields to perform the gra- 
dated display for each cell by expanding the adjusted 
video digital signal, and an SF process circuit 24 that 
generates a drive signal for subfield display, and the 
drive signal is supplied from the SF process circuit 24 
to the address electrode drive circuit 12, the scan elec- 
trode drive circuit 1 3, and the sustain electrode drive cir- 
cuit 14. Since the above-mentioned structure is the 
same as that of the conventional PDP apparatus of the 
prior art, a detailed description of the waveforms, and 
so on, is omitted here. 

[0020] The PDP apparatus in the first embodiment 
comprises an SF load ratio detecting circuit 25 that de- 
tects the display load ratio of each subfield, a sustain 
cycle change circuit 26 that changes the sustain pulse 
cycle of each subfield according to the detected display 
load ratio of each subfield, a vacant time calculating cir- 
cuit 27 that calculates the variations in the vacant time 
when the sustain pulse cycle is changed, a vacant time 
redistributing circuit 28 that redistributes the calculated 
vacant time in proportion to the product of the luminance 
ratio of each subfield and the sustain pulse cycle, and 
a display gradation correcting circuit 29 that allocates 
the sustain pulse to the distributed time in such a way 
as to increase or decrease over plural fields in order to 
maintain the continuity of the luminance. The vacant 
time calculating circuit 27 and the vacant time redistrib- 
uting circuit 28 correspond to the adaptive sustain pulse 



number changing means. 

[0021] FIG. 4 is a diagram that illustrates the relation- 
ship between the video signal and the processes in the 
first embodiment. As shown schematically, there is a 

5 vertical synchronization signal VIN at the top of a display 
field, which detects the start of each display field. After 
the vertical synchronization signal VIN, the video signal 
is input. After all the video signals of each field are input, 
a process 1 is carried out by the time the input of the 

10 video signal of the next field is started. Subsequently, in 
synchronization with the start of each subfield, a proc- 
ess 2 is executed and a display is performed by the gen- 
eration of the drive signal for each subfield. 
[0022] FIG .5 is a flow chart of the process 1 and FIG. 

15 6 is a flow chart that shows a process A executed in the 
process 1 . 

[0023] In step 101, the display load ratio SFL [i] of 
each subfield SF is measured. In step 102, all the prod- 
ucts of the display load ratio SFL [i] of each subfield and 

20 the luminance ratio SFW [i] of each subfield are summed 
for every subfield to calculate the weighted average 
load. The processes in step 101 and step 102 are per- 
formed by an SF load ratio detecting circuit 25. 
[0024] In step 1 03, it is judged whether the weighted 

25 average load is less than 25 %, and when equal to or 
greater than 25 %, the flow advances to step 1 05 and 
the process is performed as normal, and the flow ad- 
vances to step 1 04 and the process A is performed when 
it is less than 25 %. The processes in step 1 03 and step 

30 1 04 are performed by a sustain cycle change circuit. 26 
and a vacant time calculating circuit 27. The process A 
is described below with reference to FIG. 6. 
[0025] In step 121, the number of sustain pulses of 
6u.S, SUS6, and that of 8u.S, SUSS are entered and the 

35 initial value 0 is allocated to the vacant time TIM and the 
initial value 1 , to the number of subfields n. In step 122, 
when the display load ratio SFL [n] of each subfield 
measured in step 101 is less than 25 %, the flow ad- 
vances to step 1 23 and when equal to or greater than 

40 25 %, the flow advances to step 126. 

[0026] In step 123, 1, which represents 6u.S, is en- 
tered into S FT [n] that indicates the sustain pulse cycle. 
Instep 124, SUS6 is increased by the number of sustain 
pulses SFP [n] of the subfield. When the sustain pulse 

45 cycle changes from 8u.S to 6p.S, the vacant time SFP [n] 
x 2u.S is generated, therefore, TIM is increased by the 
corresponding amount in step 125. Then, the flow ad- 
vances to step 128. 

[0027] In step 126, on the other hand, 0, which repre- 
ss sents 8u,S, is entered into SFT [n] that indicates the sus- 
tain pulse cycle. In step 127, SUS 8 is increased by the 
number of sustain pulses SFP [n] of the subfield. As no 
vacant time is generated in this case, the flow advances 
to step 128. 

55 [0028] In step 128, the number of subfields n is in- 
creased by one, and in step 129, it is judged whether 
steps 1 22 to 1 28 are completed for all the subfields and 
if not, the flow returns to step 1 22 and if completed, the 



4 



7 



EP 1 345 199 A2 



B 



flow advances to step 130. 

[0029] In steps 130 and 131, the vacant time TIM is 
divided in the ratio of the number of sustain pulses of 
8uS SUS 8 to the number of sustain pulses of 6uS SUS 
6, and the final number of sustain pulses of 8u.S SUS 8 5 
and the final number of sustain pulses of 6uS SUS are 
obtained by calculating the increases In SUS 8 and SUS 
6. In step 132, the total number of sustain pulses SUS 
is obtained by summing SUS 8 and SUS 6. Then, the 
flow goes back to step 105 in FIG. 5. 10 
[0030] In step 105, SUS obtained in step 132 is de- 
termined as the total number of sustain pulses. In step 
106, the total number of sustain pulses SUS is distrib- 
uted to each subfield and the number of sustain pulses 
SFP (i] of each subfield is obtained. The process in step is 
1 06 is performed by a vacant time redistributing circuit 
28. 

[0031] In step 107, since the luminance is lowered 
due to drop in voltage according to the display load ratio, 
the corresponding amount is corrected. Simultaneously, 20 
the variations in luminance due to the change in the ef- 
fective voltage caused by the change of the sustain 
pulse cycle is corrected. In step 108, it is adjusted so 
that the change is performed step by step across plural 
fields when the number of sustain pulses is changed. 25 
When the total number of sustain pulses is increased, 
for example, from 1 50 to 1 80, a change is made across 
three subfields step by step in a manner in which the 
total number of sustain pulses is changed to 1 60 in the 
next field, that is changed to 1 70 in the second next field, 
and that is changed to 180 in the third next field. The 
processes in step 1 07 and step 1 08 are performed by a 
display gradation correcting circuit 29. 
[0032] In step 109, the initial value 1 is entered in the 
sign m that indicates a subfield to be displayed, and the 
process 1 is completed. 

[0033] FIG.7 is a flow chart that shows the process 2. 
[0034] In step 151 , the value of SFT [m]that indicates 
the sustain pulse cycle is judged, and if it is judged to 
be 1 , which corresponds to 6u,S, the flow advances to 
step 152, and if it is judged to be 0, which corresponds 
to 8|aS, the flow advances to step 153. In step 152, the 
sustain pulse cycle is set to 6u.S, and it is set to 8u.S in 
step 153. 

[0035] In step 154, the sustain pulse SFP [m] of the 
subfield, which is obtained in step 106 and adjusted in 
steps 107 and 108, is read and the number of sustain 
pulses to be applied is set to the part to be controlled. 
In step 155, m is increased by one for completion. 
[0036] The process 2 is performed in synchronization 
with each subfield, as described above. 
[0037] Although only the two levels of 8|iS and 6u,S 
are used for the sustain pulse cycle in the first embodi- 
ment, it is possible to provide more levels so that, for 
example, the normal level is 8u.S, is changed to 6u.S 
when the display load ratio is low, and changed to 10u.S 
when the display load ratio is large. 
[0038] Although the sustain pulse cycle is changed 



from 8uS to 6u.S and the total number of sustain pulses 
is adjusted so as to increase step by step in the first 
embodiment, it is also possible to change the sustain 
pulse cycle from 8nS to 6uS across plural fields step by 
step in such a way as to change to 7.5u.S in the next 
field, to 7.0p.S in the second next field, to 6.5u.S in the 
third next field, and it is changed to 6.0u.S in the fourth 
field. 

[0039] Moreover, although the object to be changed 
according to the display load ratio is the sustain pulse 
cycle of all the subfields, it is also preferable that the 
object to be changed is the sustain pulse cycle of the 
subfields, the luminance of which is higher than a spec- 
ified one and which includes one with the maximum lu- 
minance, because a longer vacant time is generated 
when the sustain pulse cycle is shortened in the sub- 
fields the luminance ratio of which is high. In this case, 
the increment in the number of sustain pulses due to the 
vacant time can be redistributed to all the subfields or 
to the partial subfields, the luminance of which is higher 
than a specified one and which include one with the 
maximum luminance. By restricting the object, the sus- 
tain pulse cycle of which is to be changed, the amount 
of operations can be reduced. 

[0040] Moreover, although the display load ratio of 
each subfield is judged, respectively, and when it is 
judged to be low, the total number of sustain pulses is 
calculated after the sustain pulse cycle of each subfield 
and the number of sustain pulses are calculated, it is 
also possible to shorten the sustain pulse cycle of all the 
subfields if the display load ratio of all the subfields is 
judged first and it is found that each one is less than a 
specified value. In this case, all that is required is to sim- 
ply multiply the number of sustain pulses of each sub- 
field by the ratio of the sustain pulse cycles before and 
after the change, resulting in an easy operation. Also in 
this case, if the object the sustain pulse cycle of which 
is to be changed is restricted to that of the subfields, the 
luminance ratio of which is greater than a specified one 
and which include one with the maximum luminance, the 
amount of operations can be further reduced. 
[0041] FIG. 8 is a block diagram that shows the rough 
structure of the PDP apparatus in the second embodi- 
ment of the present invention. As obvious by compari- 
son with FIG .3, it differs from the PDP apparatus in the 
first embodiment in that a panel surface temperature de- 
tecting circuit 31 and a sustain pulse number setting cir- 
cuit 32 are added. By increasing the number of sustain 
pulses, the temperature of the lit region of the panel 11 
rises and it may happen that the panel 1 1 is damaged if 
the difference in temperature between the lit region and 
the non-lit region becomes too large. In order to avoid 
this, in the second embodiment, the rise in temperature 
is monitored by the panel surface temperature detecting 
circuit 31 and the sustain pulse number setting circuit 
32 suppresses the increase in the number of sustain 
pulses to reduce the rise in temperature when a rise in 
temperature greater than a specified value is detected. 
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[0042] FIG. 9 is a block diagram that shows the rough 
structure of the PDP apparatus in the third embodiment 
of the present invention. As is obvious from comparison 
with FIG. 8, it differs from the PDP apparatus in the sec- 
ond embodiment in that a still image detecting circuit 33 $ 
is added. Damage to the panel due to a rise in temper- 
ature of the panel is caused by the difference in temper- 
ature between the lit region and non-lit region. In the 
case of motion video, it is unlikely that the difference in 
temperature occurs locally because the lit region and 10 
the non-lit region are not fixed and, in the case of still 
image, the difference in temperature is apt to occur lo- 
cally. In the PDP apparatus of the third embodiment, 
therefore, when the still image detecting circuit 33 de- 
tects a still image, it notifies the sustain pulse number 15 
setting circuit 32 of the fact. The sustain pulse number 
setting circuit 32 suppresses the increase in the number 
of sustain pulses when the image is still and the surface 
temperature of the panel is high. 

[0043] In the first to third embodiments described 20 
above, examples in which the number of sustain pulses 
is increased by shortening the sustain pulse cycle are 
described, but it may be the case where it is preferable 
that a stable discharge is achieved by expanding, not 
shortening, the sustain pulse cycle when the display 25 
load ratio is large. In the fourth embodiment described 
below, an example is described in which the sustain 
pulse cycle is shortened in a certain subfield and it is 
expanded in another subfield. 

[0044] The PDP apparatus in the fourth embodiment 30 
of the present invention has a structure simitar to that in 
the first embodiment shown in FIG. 3, wherein the same 
process shown in FIG. 4 is carried out, but the contents 
of the process are different. 

[0045] FIG. 10 is a flow chart of the process 1 in the 35 
fourth embodiment. 

[0046] As shown in FIG. 10, in the process 1 in the 
fourth embodiment, the process as far as step 1 02 is the 
same as that in the first embodiment. Next, in step 201 , 
a total sustain number TSUS0 is determined temporarily 40 
from the calculated weighted average load, with the 
power consumption being taken into account. In step 
202, a sustain pulse number SFPO [i] of each subfield 
is calculated from the total sustain pulse number TSUSO 
according to the luminance ratio of the subfield. 45 
[0047] Next in step 203, the process B in which the 
sustain cycle of each subfield is changed is carried out. 
The processes of the following steps 204 to 208 are the 
same as those of the steps 105 to 109 in the first em- 
bodiment, so 
[0048] FIG. 11 is a flow chart that shows the process 
B performed in the process 1 . In the process B, n, the 
sustain cycle SFT [i] of each SF, and the vacant time 
TIM are initialized to zero in step 211 . In step 212, the 
sustain cycle SFT [n] of each S F that corresponds to the ss 
load ratio SFL [n] of each SF is determined temporarily 
based on a table shown in FIG.11,The table is provided 
to the sustain cycle change circuit 26. By further per- 



forming steps 213 and 214, the process is repeated for 
every SF. 

[0049] In step 215, a total time STIM1 of the sustain 
period in a field is calculated by multiplying the sustain 
cycle SFT [i] of each SF determined as above by the 
sustain pulse number SFP [i] of each SF. In step 21 6, it 
is judged whether STIM1 exceeds the maximum value 
STIM0 of the total time of the sustain period in a field. If 
it does not exceed it, it is possible to increase the total 
number of sustain pulses, therefore, the process C in 
which the total number of sustain pulses is increased is 
carried out in step 217, and if it exceeds it, the process 
D is performed, in which the total number of sustain puls- 
es is decreased in step 218, because it is necessary to 
decrease the total number of sustain pulses. 
[0050] In the above-mentioned table, desirable sus- 
tain cycles in accordance with the load ratio are listed, 
and the sustain cycle is shortened when the load ratio 
is small and lengthened as it becomes large. 
[0051] FIG. 12 is a flow chart that shows the process 
C. In step 221, the difference STM0 - STM1 between 
STIM0 and STIM1, described above, are entered into 
the vacant time TIM. Next in step 222, a unit time 
UNIT_T to be used when the sustain frequency is 
changed is calculated by multiplying the luminance ratio 
of each SF by the sustain cycle SFT [i] of each SF, with 
the first subfield SF [1] being the reference. In step 223, 
a unit sustain pulse number UNIT_N to be used when 
the sustain frequency is changed is calculated by divid- 
ing the luminance ratio SFW [n] of each SF by the lumi- 
nance ratio SFW [1] of the first subfield and summing 
them. 

[0052] It is necessary to increase the number of sus- 
tain pulses for each SF in accordance with the lumi- 
nance ratio, that is, for example, if a sustain pulse is in- 
creased in SF [1], two sustain pulses need to be in- 
creased in SF [2] in order to maintain the luminance ra- 
tio. When a sustain pulse is increased in SF [1], there- 
fore, it is necessary to increase the number of sustain 
pulses by UNIT_N in the entire frame in order to main- 
tain the luminance ratio. That is, UNIT_N is the unit 
number when the number of sustain pulses is changed. 
In this case, it is also necessary to increase the sustain 
time by UNITJM in the entire frame. That is, UNIT_T is 
the unit time required to increase the number of sustain 
pulses while maintaining the luminance ratio in a field. 
[0053] In step 224, the vacant time TIM is divided by 
UNIT_T and how many UNIT_Ts can exist is calculated. 
Namely, the number of UNITJvJs which can be in- 
creased is calculated, in this case, the fractional part is 
rounded down. Then, the number of sustain pulses SUS 
to be increased is calculated by multiplying the calculat- 
ed result by the calculated number of UNITJMs. In step 
225, the number of increased sustain pulses TSUS after 
iscalculated by adding SUS to TSUSO calculated in step 
201 in FIG. 10. 

[0054] The total number of sustain pulses is increased 
as described above. 
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[0055] FIG. 13 is a flow chart that shows the process 
D. As is obvious by comparison with FIG. 12, it differs 
from the process C only in that step 226 is carried out 
instead of step 225, and the other steps are the same. 
In step 226, SUS is subtracted from TSUSO in order to 
decrease the number of sustain pulses. 
[0056] FIG. 14 is a flow chart that shows the process 
2 carried out in the fourth embodiment. In step 231 , a 
sustain pulse drive cycle SFT [m] is set for each (mth) 
subfield. In step 232, the number of output sustain puls- 
es SFP [m] of each subfield is set. The sustain action of 
the mth subfield is carried out according to SFT [m] and 
SFP [m] set in the above-mentioned manner. Then, m 
is increased by one in step 233 and the sustain action 
in the (m+1)th subfield is carried out by repeating steps 
231 and 232. 

[0057] FIG. 15 is a diagram that shows an example of 
the process results in the fourth embodiment, corre- 
sponding to FIG. 2. As shown schematically, before the 
sustain cycle is changed, ail the sustain cycles of SF1 - 
SF4 are 8u.S, the total of the sustain periods of SF1 - 
SF4 is 1200u.S, and the total number of sustain pulses 
is 150. Since the display ratio of SF1 and SF2 is large, 
it is necessary to lengthen the sustain cycles of SF1 and 
SF2, but the load ratio of SF3 and SF4 is small, there- 
fore, the sustain cycles of them can be shortened rather 
than lengthened. 

[0058] An example is described in which the process 
in the fourth embodiment is applied to the above-men- 
tioned case. It is assumed that the sustain cycle is ex- 
panded to 10u,S in SF1 and SF2 and that is shortened 
to 6jiS in SF3 and SF4. As a result, the sustain period 
of SF1 is increased by 20u,S from 80u.S to 100u.S, that 
of SF2 is increased by 40u.S from 1 60u,S to 200u,S, that 
of SF3 is decreased by 80jiS, that of SF4 is decreased 
by 1 80|xS, and the sustain period is decreased by 1 80u,S 
in the entire frame, resulting in the generation of a va- 
cant time. 

[0059] If the number of sustain pulses is increased by 
one in SF1 , those of SF2 to SF4 need to be accordingly 
increased by 2, 4, 8, respectively, and the required unit 
time is 1 x10u,S + 2x10u,S + 4X6u.S + 8X6|iS=102u.S. 
The vacant time is 180u,S, as described above, there- 
fore, it is possible to increase the number of sustain puls- 
es by one unit, and the numbers of sustain pulses of 
SF1 to SF4 become 11, 22, 44, 88, respectively, while 
the vacant time is 78u.S. As a result, degradation in im- 
age quality such as missing display points does not oc- 
cur because it is possible to increase the number of sus- 
tain pulses by 10% compared to the original state and 
to set the sustain period of each subfield more properly. 
Although the sustain cycle is changed from 8u.S to 6u.S 
or to 1 0u,S in this example, it is also possible to change 
the cycle to a more proper one using the table shown in 
FIG.11. 

[0060] As described above, the case where the sus- 
tain cycles of part of the subfields are shortened and the 
rest are maintained in other subfields is described in the 



first embodiment, and the case where the sustain cycles 
of part of subfields are shortened and the rest are ex- 
panded in other subfields is described in the fourth em- 
bodiment, but it is also possible to expand the sustain 
5 cycles of part or all the subfields and maintain those in 
other subfields. This is effective in the cases such as 
where the power is controlled so that the total number 
of sustain pulses is decreased and the vacant time is 
generated. 

10 [0061] As described above, according to the present 
invention, a PDP apparatus can be realized in which 
degradation in image quality such as missing display 
points does not occur even though the peak luminance 
is increased. 

15 

Claims 

1 . A plasma display apparatus that performs gradated 
20 display using the subfield method, comprising: 

a plasma display panel that has plural scan 
electrodes and sustain electrodes that extend 
in the same direction and are arranged adja- 
25 cent to each other and plural address elec- 

trodes that extend in the direction perpendicu- 
lar to that of the plural scan electrodes and the 
sustain electrodes; 

a sustain pulse cycle change means for detect- 
30 ing the display load ratio of each subfield and 

for changing the sustain pulse cycle of each 
subfield according to the detected display load 
ratio; and 

an adaptive sustain pulse number change 
35 means for calculating the total amount of vari- 

ations in time by summing the variations in time 
in a display field caused by the changes in the 
sustain pulse cycles and for increasing or de- 
creasing the number of sustain pulses of each 
40 subfield according to the total amount of varia- 

tions in time. 

2. A plasma display apparatus as set forth in claim 1 , 
wherein the adaptive sustain pulse number change 

45 means is arranged to increase or decrease the 
number of sustain pulses so as to maintain the lu- 
minance ratio of each subfield. 

3. A plasma display apparatus, as set forth in claim 1 , 
so wherein an adaptive luminance correcting means 

for correcting the change in luminance due to the 
change in the sustain pulse cycle of each subfield 
is further provided, and the adaptive sustain pulse 
number change means is arranged to increase or 
55 decrease the number of sustain pulses of each sub- 
field according to the corrected results of the adap- 
tive luminance correcting means. 
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4. A plasma display apparatus as set forth in claim 1 , 
wherein the adaptive sustain pulse number change 
means is arranged to increase or decrease the 
number of sustain pulses of each subf ield according 

to the display load ratio of each subf ield. 5 

5. A plasma display apparatus as set forth in any of 
the preceding claims, wherein the sustain pulse cy- 
cle change means is arranged to shorten the sus- 
tain pulse cycle of each subfield when the display 10 
load ratio of the subfield is less than a specified val- 
ue and to expand when greater than the specified 
value. 

6. A plasma display apparatus, as set forth in any of 
claims 1 to 4, wherein the sustain pulse cycle 
change means is arranged to change the sustain 
pulse cycles of part of subfields that includes one 
with the maximum luminance or of all the subfields. 

7. A plasma display apparatus, as set forth in any of 
claims 1 to 4, wherein the sustain pulse cycle 
change means is arranged to change the sustain 
pulse cycle from that at the inception of change to 
the target one in such a way as to change step by 
step across plural fields. 

8. A plasma display apparatus, as set forth in any of 
the preceding claims, wherein the adaptive sustain 
pulse number change means is arranged to change 
the number of sustain pulses in accordance with the 
changes in sustain pulse cycles in such a way as to 
change step by step across plural fields. 

9. A plasma display apparatus, as set forth in any of 
the preceding claims, wherein the sustain pulse cy- 
cle change means is arranged to change the sus- 
tain pulse cycles of all the subfields to the same cy- 
cle when the display load ratio of ail the subfields 
or subfields with the luminance ratio of which is 
greater than a specified value is less than a speci- 
fied value. 

10. A plasma display apparatus, as set forth in any 
pulse number change means is arranged to change 
the number of sustain pulses of part of the subfields 
that include one with the maximum luminance or of 
all the subfields. 

11. A method of performing a gradated display using 
the subfield method in a plasma display panel that 
has plural scan electrodes and sustain electrodes 
that extend in the same direction and are arranged 
adjacent to each other and plural address elec- 
trodes that extend in the direction perpendicular to 
that of the plural scan electrodes and the sustain 
electrodes, the method comprising: 



detecting the display load ratio of each subfield; 
changing the sustain pulse cycle of each sub- 
field according to the detected display load ra- 
tio; 

calculating the total amount of variations in time 
by summing the variations in time in a display 
field caused by the changes in the sustain pulse 
cycles; and 

increasing or decreasing the number of sustain 
pulses of each subfield according to the total 
amount of variations in time. 
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